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A cell and battery design and manufacturing company
Research, design, development, and manufacture of advanced lithium cells and
energy storage products and systems for both commercial customers and U.S.
Government/military customers

Formed in 2011 with the merger of MicroSun Innovative Energy Storage Solutions
and MicroSunEl ectroni cs, and the acquisition
Solutions Group, located in Ann Arbor, Michigan.

In 2019, East Penn Manufacturingi one of t he worl ddos | ead:
manufacturersd acquired majority interest in Navitas Systems.

48,000 square foot R&D, Engineering, & Manufacturing Center. 100,000 square
foot lithium battery pack Manufacturing Center.
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Navitas$15M state of the art
automated production facility with
the capability of producing up to
1M+ custom format pouch cells per
year with 1¢ 10 Ah capacity
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Capability
Scope A Custom battery AcCell form factor and A Custom PCBA A Customprismatic =~ A500+ MACCOR test AWet lab
development, chemistry agnostic and wiring cells channels A Controlled
prototyping, and A>1kwh solutions harness design  A2x2 to 12x22 cm A Environmental atmosphere tube
manufacturing A System mechanical andassembly form factors control-70 to+200°C  furnaces for
A12V NAT®T Battery and electrical design ~ Aln-house SMT  AIn house slodie AElectrochemical synthesis
A24v NATO 6T Battery A Custom power line coating ImpedanceSpectroe ACustom anode,
AMulti-kWh motive electronics A Customized A650 sq. ft. dry scopy cathode, and
application batteries A Finite element configurable room AScanning Electron  electrolyte
APowerForca Idle analysis software Avarious L-ion Microscope with development
Reduction Battery AThermal modeling ABox builds chemistries elemental mapping anc A Batterymaterials
A Frontieriort APrototype and low developed inert gas sample and concepts
Photovoltaic Interface volume assembly in AExtreme high transfer device evaluation
+ Energy Storage house power and high A Analytical chemistry  Addvanced
AMissioncritical UPS energy density instrumentation Chemical
Systems chemistries Acell tear down processing
available; 106600 analysis
Wh/L
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Discharge Theoretical capacity of sulfur

= ' electrode:
il s 1675mAhg

-
Key Limitations:

Low utilization of sulfur and fast
capacity fading

@SS U

P &
£ 4 Key components:
ol r . s Cathode, anode, electrolyte, separator
8 Navitasis currently working on
Li (-) Ss (+) cathode and separator.

[Wikipedia]
Discharge
Li-ions are stripped from the anodéjthium Polysulfided tS) are formed in the cathode.
Recharge

Li-ions are plated back onto the anode as th&Simnoves towards &
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ALi S cathode work

A Bifunctional separator for LSB

A Li S stack development

A NavitasLSB road map and challenges
A Acknowledgements
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Goal and Objectives

28V 30 Ah L§ battery based on novel cathodx#

chemistry andNavitasBMS

o
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Scale up cathode to 500 g per batch
Build 3 Ah cells

Demonstrate>300Wh/kg and >100 cycles
Develop BMS for Li S battery

Design 28 V, 30 Ah battery

LS Cathode Development Overvie

Challenges for L cathodes

o Low utilization of sulfur and fast capacity fading
o Dissolution obolysulfidedn electrolytes
o Large volumetric changes of sulfur
0 Poor electronic conductivity of sulfur

Innovative Navitascathode

+ Sulfur

——>

160~180°C

Porous conductiveceramic host withhigh

affinity to sulfur andpolysulfides

Key features and Benefits ddavitascathode

o Intrinsically conductive cathode powder for high
rate capability

o Porous for improved sulfur loading capacity

o High sulfur affinity for extended cycle life

o Compatible with established high volume
electrode coating and cell assembly operations

TheNavitascathode is patent pending
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Key Properties of Ceramic Host

. @ |Target  [Results |
Phasepure crystalline Phasepure crystalline
>100m?/g 108m?/g

> 50% 50%

A Challenge: Maintain porous structure/high surface area after thermal treatme

A Key accomplishmerg Precursor modification mitigates pore collapse during
thermal treatment

As-received precursor Modified precursor Navitas ceramic host

""""""
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A Properties of ceramic host: Isotherm of Ceramic Host

400

I XRD: Targeted microstructure at high pug 3%
. S 7 300
I SEM: nano particles & porous structure S 5 250

v

i N, adsorption:Mesoporous g 9200

SEM image of Ceramic Host 0 0.2 0.4 06 0.8 1
Relative Pressure (P/P,)

XRD patterns

l Reference material (neporous)

I Lk

Obtained mesoporous host

Intensity (a. u.)

As receivedprecursor

100nm NAVITAS 1/15/2016
SEM WD 8.5mm 10:26:19

2q()



((ElAVITAS Cathode: High Affinity t®olysulfides

SYSTEMS

eI — .
LLS, M.P. M.P.
# solution § Carbon Ceramic

f“: -_--_j@ 7 i o — e

Sealed vials of Lg; solution, and after contact with ceramic and mesoporous
carbon overnight
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Rate capability advantage of Navitas cathode:

i Loading of electrodes: 0.6mAh/érLeft) and 1.5nAhcm? (Right)
I High rate (>2C): 2X better than porous carbon baseline
I Rate performance demonstrated at practical electrode loading and energy

ili i i i 120
Rate capablllty of Navitas ceramic cathode vs. baseline cathode Rate Capability of Navitas Ceramic Cathode vs. Baseline Cathode
120 Li-S cell; 1.8 - 2.6 V; charged at C/5 and discharged at various C rates
0.1C Li-S cell: 1.8-2.6V 100
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A Design concept:
I Control structure of host to further improve the affinity to sulfur

A Advantage of host with nexdesigned structure in terms of capacity retention:
I 100 cycles: 82% new vs. 65% old

The effect of host structure on the cycle life of LSB
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A Objective:

T 200 g/batct, 500g/batchA 1,000g/batchcathode with specific capacity of 1,060ANg
A Current Status:
T 500 g/batch achieved

3
== Previous 200g/batch
== Current 500g/batch
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C/10, 1.53V
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Capacity (mAh/g)
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A Melt-diffusion approach for impregnation of sulfur:
I Visual inspection: blaetoloredNavitascathode material& encapsulation of S in pores)
i ¢D!'Y x Tn S0®: &adz FdzNJ AY bl GAGI & L2 NP dz

TGA of Navitas cathode material
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High loading cathodes (hand casting)

2.7 2.7

’E 2.7mglcm2 S 15dey 25 2.7mg/cm2 S 1536V
~ =4.5mg/cm2 S C/10 _ =4.5mg/cm2 S /10
> 23 6.8mg/cm2 S S 23 6.8mglcm2 S
) o) \
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> 19 > 19

17 17

15 15

0 1 2 3 4 5 6 7 0 200 400 600 800 1000 1200
Capacity (mAh/cm?2) Capacity (mAh/g)

U 4mAh/cn? and 6mAh/cm cathode were demonstrated with hand

casting electrode
U >300Wh/kg goal possible with these high loading cathodes
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Coater die head Coater output
U Two challenges addressed:
(1) A stable cathode powder slurry was prepared at large scale with uniform
dispersion of the constituents without loss of retention of sulfur
(2) The coating operation was performed without volatilizing the sulfur in the
electrode drying.
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